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G Oaylighting has been considered as a potential energy-efficient design strategy for buildings. The excessi\t~ 
and highly exposed to solar radiation on buildings in tropical region such us Malaysia during all year cause 
overheating problems. Most of the electricity consumed in Malaysian buildings is used for a thermally and 
visually comfortable built..;environment through air-conditioning and artificial lighting. 
Due to the thermal performance of a building is affected by the solar absorbance of the roof, the studies 
show that during clear sky conditions the solar radiation can be incident on a roof surface reaches up to 
about 1 kW/m2. So the main objectives of this study are to investigate the strategy of separating heat from 
daylighting inside the glass box in skylight roofing system and then extract it outside before transfer to indoor 
environment. Reviews of some existing literature show two different approaches can usually be followed for 
accurate day-lighting and solar radiation simulations: the use of computer simulations and simulations using 
real scale models analyzed under real sun and sky conditions. Consequently. this study will lead to a 
development of a new innovative skylight roofing system. a cutting edge for tropical building design. The 
study will be able to set realistic goals and measurable objective to design framework for future experiments, 
strategy for verifying the models ~ntegrating multiple stimuli and an increased understanding of daylighting 
behavior to reduce the energy consumption. 
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A comparative study between unvented and vented attics 
powered by the hybrid turbine ventilator in Malaysian houses 
Karam M. AI-Obaidi*, Mazran Ismail and Abdul Malek Abdul Rahman 
School of Housing, Building and Planning, Universiti Sains Malaysia; 11800 Penang, Malaysia 
(Received 26 September 2013; final version received 5 December 2013) 
Vented attic is a design technique that provides a better solution to reduce solar heat gains trapped in a roof 
attic. However, its application in the tropical climate is very rare if not, ignored, especially in Malaysian 
houses. This paper seeks to identify, and compare the perfonnance of attic ventilation by a single hybrid 
turbine ventilator for a specific volume under both unvented and vented conditions. The study was done in 
an actual roof attic (10m3) located in Universiti Sains Malaysia. The results indicate that the reduction of 
the attic air temperature was 6.4°C, while stabilising the level of relative humidity to about 40-50% which 
is higher than that for an unvented attic by 10%. Furthennore, the findings reveal that by incorporating 
a 50 W poly-crystalline solar panel with a turbine ventilator of 0 45 cm, the peak value of the attic air 
velocity had exceeded 1.3 mls when the solar radiation was observed to be around 800W 1m2. 
Keywords: heat build-up; tropical houses; turbine ventilator; unvented attic; vented attic 
1. Introduction 
The indoor temperature in Malaysian houses experiences a high level of heat build-up that leads 
to the widespread use of air-conditioning systems. The problem is aggravated further in modem 
residential buildings where they are constructed with a highly airtight design, light-weight mate-
rials, and poor natural ventilation and that consequently leads to the adoption of the mechanical 
cooling system (Abdul Rahnlan et al. 2013). According to Chan (2004), in the residential sector, 
the number of air-conditioning units owned by Malaysians in 1999 was 493,082. This number 
increased in 2000 by 6.7% with 528,792 units, and it was anticipated to increase around 42% in 
2009 with 907,670 units (Saidur et al. 2007). Studies in the tropical region show that as Malaysia 
moves towards a developed nation, energy requirement will remain to be very intensive. Presently, 
more than 200/0 of the energy consumption in the nation is consumed by the residential sector 
(lEA 2009). Therefore, existing buildings in the tropical Malaysia would have a major problem 
when the electricity cost gradually escalates year by year. This issue has been receiving increasing 
attention in recent times. 
As a result from an increased awareness of the environmental effects and cost of energy use, the 
natural ventilation approach represents one of the appropriate and attractive methods to overcome 
this issue. Natural ventilation is used to create a volumetric flow, for the renewal of indoor air to 
remove heat stored inside the building (Heiselberg 2006). A large number of experimental and 
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Glazing materials have a significant impact on the energy efficiency of the building interior. Poorly designed 
skylights, windows and glazed surfaces can create an uncomfortable environment. The effect of heat gain 
through an un-shaded glass can be 100 times higher compared to the same area of an insulated wall. Currently, 
various alternative glazings with different performances are being used daily. There are many choices and 
alternatives to consider, and careful selection is significant to meet the design requirements. The optical features 
of glazing materials influence day lighting quality, the thermal characteristics and the potential of energy savings. 
The increasing interest of skylights as an effective strategy among building professionals and building. owners 
implies that they are keen to know about the performance and energy efficiency of various glazing materials 
used on skylights. The aim of this study is to review the glazing performance and glazing types that are applied 
in the skylight roofing system. The review targets at two important factors in glazing performance, namely, solar 
light and solar heat. The review emphasises this general relationship during the design stage to ensure greater 
visibility in the product selection, also to ensure various other advantages improved comfort in perimeter zones, 
reduced mechanical loads and improved energy perfonnance. 
Keywords: skylight glazing materials, glazing properties, daylighting, solar heat 
1. Introduction 
Energy consumption has become the current topic of interest particularly that in building designs. The 
indications show that buildings consume about 57% of total primary energy requirement of Singapore, 47% of 
Switzerland, 42% of Brazil, 40% of the USA, 39% of Great Britain, 28% of China, 25% of Japan and 23% of 
Spain (Dong et aI., 2005; Levermore, 2008; Masoso & Grobler, 2010). Much of the energy in buildings is 
consumed by two significant elements as air conditioning systems and artificial lighting fixtures. In actual fact, 
the relation of these elements in most cases is connected, as most of lighting energy from the electric light 
systems are converted to thermal energy; consequently cooling systems are required to add more loads in 
summer time. Thus, designing buildings to be more environmentally friendly can lead to energy savings (Hassid, 
2011). 
Lighting building interior with natural light could be one of the contributors to help reduce energy consumption 
that provides a healthy indoor environment. Based on Edward (2005) there is an indication that the incident of 
sunlight rays on 1000 square centimetres of horizontal glass in sunny days can deliver efficiency almost twice 
that of the fluorescent lamp. Natural light, as clean lighting energy when it passes glazing materials, improves 
tenant's well-being and productivity. as well as decreases the energy used for artificial lighting. Nevertheless, it 
also brings with it thermal energy that adds a heavy load to the cooling system. 
An appropriate design of skylight can minimize the cooling loads and can utilize the natural light as the most 
efficient source of renewable energy. There are several factors which control the design such as the size, the 
orientation, the placement, the amount of shading, as well as the glazing types. In reality, glazing types consider 
that the most essential factor must be addressed seriously in the skylight design (Carmody, 2007; Adelaide City 
Council, 2013). 
Generally, the glazing material transfers various levels of environmental loads based on its properties. 
Understanding these properties will help the designer to control the excessive impact of natural light and guide 
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Pitched roof design represents the common system for the most tropical houses in Malaysia. Different angles and 
colours of this roof deliver various impacts on the indoor environment. This study focuses on estimating the 
amount of heat gain and roof surface temperature obtained from different roofing aspects. The paper 
hypothesizes that colour technique could change pitched roof design more than roof angles and materials. The 
research was based on simulation analysis applied on an actual room size with different roof angles (0°,30°,45° 
and 60°) in the Malaysian environment. As a result, the findings of different roofing systems affirm the 
hypothesis and show the significant of roof colour compare to area, angles and materials. This study contributes 
efficiently to the knowledge of the roofing design in the tropics. In addition, it will shed light on the economic 
sector and sustainability for optimum roofing concept particularly for low cost housing components in Malaysia. 
Keywords: pitched roofs, roof angles, roof colours, roof materials, tropical houses 
1. Introduction 
Research studies have estimated that urban areas could be covered by 60% of roofs and pavements (Akbari, 
Arthur, & Rosenfeld, 2008). In addition, this estimation is increasing as there are around 50% of the world 
population currently in urban regions, with expected increases to 70% at the end of 2040. Furthermore, roofing 
systems represent the main body of urban area that interact directly with solar rays. Therefore, roof angles and 
claddings are one of the most elements that may lead to effect considerably the indoor environment. Generally, 
pitched roof system represents the most common construction design for traditional and modem buildings in hot 
humid regions. This type of roof has been extensively used in order to protect against rain water and strong 
sunshine as well as its consequent of lower heat transfer into the building. The rapid development of building 
design were the reason for the selection of concrete tiles, cement tiles, clay tiles and aluminium sheets for this 
type of system in the specific environment However, concrete and cement tiles have the priority in the 
Malaysian urban area not due to thermal properties but because of low cost and good resistance to the weather 
conditions. 
The climatic condition, sun position, orientation, tilt of building external elements, surface reflectance, thennal 
capacity, area of the surface must be considered in evaluating heat gain (Mahdavinejad, Ghasempourabadi, 
Nikhoosh, & Ghaedi, 2012). According to Vijaykumar, Srinivasan and Dhandapani (2007) indicate that roofing 
system represents 70% of the total heat gain in a building. The colour of the external surfaces especially the roof 
has a remarkable effect on the level of heat gain in buildings and on the indoor temperature, particularly in 
unair-conditioned spaces. This technique is widely recognized and clearly observed in the hot regions, but its 
application is poor in the tropics. Based on a study in Malaysia conducted by Yacouby, Khamidi, Nuruddin. 
Farhan and Razali (2011). the results indicated that the majority roof tiles colours are dark as Red 38%. Brown 
25.9%, White 9.5%, Beige and Blue 7.8% Black 4.9% and Grey 2.9%. In Malaysia, Allen et al. (2008) showed 
that concrete roof tiles are the most commonly used roofing materials, as it represents 85% followed by clay tiles 
and metal deck with 10% and 5% respectively. Yacouby, Khamidl, Nuruddin, Farhan, & Razali (2011) tested 
two roof slopes 30° and 45° consist of concrete and clay tiles which are commonly used in Malaysia. 
Experimental and Numerical researches in buildings in the United States as well as in Europe (Bozonnet, Doya, 
& Allard, 2011; Pisello & Cotana, 20l3) indicated the reduction of the cooling peak load by up to 70% and of 
the indoor free-floating temperature up to 3°C in the thermal zones adjacent to the roof features implementation. 
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Abstract 
A passive skylight system is a significant building design element that provides an ideal 
conditfon for interior spaces. However, the use of this system is limited to specific clima1,ic 
regions because of its considerable effect on the indoor environment. Malaysia is' a 
tropical country that has favorable natural benefits, such as solar geometry and natural 
light 1 ¥,Ihich can brighten building interiors throughout the year. However, harnessing this 
benefit affects spaces, especially those in single-story buildings, because of excessive 
natural loads. This study reviews a concept to understand the passive behavior of solar 
radiation in the form of light and heat that falls on, interacts with, and is emitted from a 
skylight system in a single-story building. The study method is theoreticaLLy based on 
descriptive analysis to assess design requirements. The review shows that designs 
grounded on the physical aspects of climate (influenced variables), materials (design 
variables), and human comfort (affected variables) in one process (E51) can develop the 
architectural way of thinking rather than estimate the condition based on a limited 
perspective. This assumption indicates that the adoption of this concept in the preliminary 
design stage will enable designers to balance the building environment effectively. 
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ABSTRACT 
The strategy of attic ventilation represents one of the techniques to reduce heat build-up in indoor spaces., 
Its benefit helps to control high energy consumption and improve indoor environment. On the other hand.' 
this approach cannot entirely stop the transfer mechanism of heat from the roof to the attic. Despite this, 
it is able to reduce its effect depending on the method adopted and the existing environment conditions. 
The aim of this review is to explore the potential of passive and active turbine ventilators as a technique 
to overcome heat build-up in tropical buildings. As turbine ventilators represent outlet vents. a ventilated 
attic would require two systems which are inlet and outlet vents to complete its function. Thus. these 
two types should be discussed broadly. Through the review, it shows that the hybrid system provides a 
better solution for Malaysian environment. Therefore, adopting a system that consists of an inlet vent 
from the gable and an outlet vent using a turbine ventilator with curved vanes comprising of an internal 
duct. an opening cap with solar panel are preferable. This is due to the fact that this combination cr..eates 
constant air flow and provides uniform distribution to extract heat effectively. ... 
© 2013 Elsevier B.V. All rights reserved. 
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1. Introduction 
Energy consumption has risen considerably due to the popu-
lation increase and expansion of construction. Importantly, this 
situation reflects on the building sector, which represents around 
30-40% of the world's energy demand, and is estimated to grow 
rapidly in the near future (Santamouris, 2005). As in the hot and 
humid tropical region. the average consumption of energy in a 
building reaches 233 kWh/m2/year of which about 60% is dedicated 
* Corresponding author. Tel.: +60 174039378. 
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to air-conditioning (Ghisi. 2002). Generally, the widespread use 
of the air-conditioning system is quite unsatisfying. According to 
Lien and Ahmed (2011 b). the majority of people spend around 
87% of their lifetime within buildings and 6% in enclosed vehicles. 
Most of these buildings are fairly airtight. have poor air circula-
tion and lack of ventilation. As a tropical country, Malaysia had 
about 7.3 million residential dwellings in 2010 and it is expected 
to rise by about 150.000 each year (Department of Statistics 
Malaysia, 2010; REHDA. 2010). It is further indicated that in 
201 D. the electricity generated has doubled compared to that in 
the year 2000 (Economic Planning Unit. 2006). According to the 
CentrallnteHigence Agency (2011). the electricity in Malaysia has 
shown a complete dependency on fossil-fuel sources. Even though 
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DayJighting in buildings considers as the highest quality light source that affects users' comfort. Tropical 
countries suffer from high solar insolation that brings in glare and heat. The gradual increase in energy cost 
in tropical countries, as in Malaysia, challenges architects to rethink the construction of a roof light system 
as a strategy to reduce the environmental impacts on the indoor conditions. The solution is not as simple as 
those achieved in the temperate and cold climate countries. This paper investigates the possibility of using 
the roof light as an acceptable tropical design element that able to transfer cooler natural light in domestic 
buildings. Initial computer simulation was carried out before collecting empirical data. The hypothesis 
achieved to provide a better indoor daylight comfort in a worst-case condition but several factors need to be 
considered and modified which are discussed in details. 
Keywords: Tropical climate, Rooflight, Daylighting 
1. Introduction 
Daylighting is very important and has significance psychological benefits for occupants. It improves the 
quality of light in space and reduces the amount of energy consumption. Natural light normally.en~ers the. 
building from different openings such as window glazing, roof lights, atria, light pipes and iight ducts in 
roofs. Overhead Glazing ~ystems have a best daylight performance compare to the vertical openings 
because it collects daylight from a large section ofthe sky with few obstructions. However, the amount of 
daylight that enters varies according to climate, latitude, locations and air quality that affect the intensity 
and duration of daylight (Page, 1993). 
The levels of natural light in the zone between Tropic of Cancer and Tropic of Capricorn is very high also 
this area receives a great amount of solar radiation and more intense nearer to the Equator. Malaysia is at 
3 ON has a tropical climatic with hot and humid characteristics, which has two seasons rainy and sunny with 
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Separating heat from useful visible light 
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Abstract 
Generally it has been known that energy consumption costs are high in temperate countries. In buildings, 
room spaces are normally designed so as to consume less energy for thermal comfort especially in 
winter. Passive strategies such large double-glazing windows are to contain heat indoors and also for 
maximum daylight to reduce dependence on artificial lighting. Thus roof lights are popular building 
design elements in cold and temperate countries. Unlike in the tropics where it has high temperatures and 
humidity throughout the year, achieving indoor comfort is a challenge especially with plenty of sunshine 
and unpredictable wind conditions. This paper explores the possibility of roof light for indoor comfort to 
be considered as a tropical design element. Initial simulation was carried out before any attempt to do 
life-sized model for empirical data. By simulation, the hypothesis has been achi~ved but several factors 
have to be considered. The solution is not as simple as those achieved in the temperate countries .. 
Comfort can be achieved but permutations of several design factors such as dimensions of room, glazing, 
reflective materials, blackbody concept and building materials need adjustment to meet the Malaysian 
Comfort Temperature. With this finding the Tropical Architecture would then be redefined with the 
introduction of this Innovative Roofing System (IRS) as named by the author~ 
Copyright © 2013 International Energy and Environment Foundation - All rights reserved. 
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1. Intro duction 
The sun insolation is almost perpendicular to the Earth's surface, beginning the Tropic of Cancer and the 
Tropic of Capricorn where there is plenty of sunshine, it is nonnally referred to as the Tropical zone. As 
the latitudes get further away from the Equator, both up and down towards the North and South poles 
respectively, the insolation spreads over a bigger area of the Earth's surface. That means the amount of 
daylight received on the ground varies with locations, latitude, climate, inland situation, and air quality 
affect the intensity and duration of daylight [1]. The amount of daylight is less at upper latitudes also the 
heat that the sunlight brings along is mild due to lower intensity of rays [2], so people living in the higher 
latitudes crave for sunshine and this is reflected in the regional architecture and their behavior. Simply, 
sun bathing is a craze among the Caucasians whereby they flock in droves to the beach during 
summertime but in some temperate countries such as in the United Kingdom the sun is not intense and 
not sufficient enough especially between the end of March and the end of September when the sun 
becomes perpendicular on the earth to produce a good amount of vitamin D [3]. Many weeks during a 
typical year is cloudy and overcast thus blocking most of the useful daylight from reaching the ground 
